Generation, characterization, and heterologous expression of wild-type and up-regulated forms of Arabidopsis thaliana leaf ADP-glucose pyrophosphorylase.
ADP-glucose pyrophosphorylase (AGPase), a key enzyme in starch biosynthesis of higher plants, consists of a pair of regulatory large (LS) and catalytically small (SS) subunits. In plants, these subunits are coded by multiple genes resulting in the formation of tissue-specific enzyme forms, which are differentially regulated during plant growth and development. Some AGPase isoforms differ in catalytic and regulatory properties as well as intracellular location. In an effort to gain a better understanding of the role of the leaf AGPase in carbon partitioning and its effect on plant productivity, the Arabidopsis leaf AGPase containing the mature forms of the SS and LS was expressed in a heterologous expression system and characterized enzymatically. The Arabidopsis recombinant AGPase had kinetic values for 3-phosphoglyceric acid, glucose-1-phosphate and Mg(2+) similar to those of the native enzyme. As the N-terminus of the LS has been suggested to be involved in enzyme function, the length of the N-terminal region was extended or shortened. Of the five modified LSs analyzed, only the T5 form lacking six residues of the mature N-terminus was able to form detectable levels of enzyme activity, indicating that the N-terminal region is critical for enzyme function. Two up-regulatory LS mutations that allosterically activate the potato enzyme, a stem isoform, were introduced into the corresponding Arabidopsis LS sequences and co-expressed with wild-type SS. Both modified enzymes showed up-regulatory properties, indicating that these specific residue changes were also operational in the leaf isoform.